Hilgardia
for the indirect determination of methanol by oxidation of the latter to formaldehyde. . The absorption spectrum produced by the reactions of sulfuric, chromotropic, and 2,4-D acids in the present investigation was found to give maximum densities at 360, 480, and 580 m«, using a Beckman DU spectrophotometer. These maxima coincided with those obtained when formaldehyde was used instead of 2,4-D. In developing the quantitative method with chromotropic acid, Le'I'ourueau and Krog (1952) obtained molecular extinction coefficients for formaldehyde, 2,4-D, and some other compounds, and found that the values for formaldehyde and 2,4-D were essentially the same. However, they considered this to be insufficient evidence to state that formaldehyde was responsible for the color produced in the 2,4-D tests.
Other evidence that formaldehyde is an intermediate product in the test was obtained in the present study. Heating a mixture of 2,4-D, chromotropic acid, and sulfuric acid to a temperature of 100 0 C did not result in the typical violet color found when.the mixture was heated to higher temperatures (130 0 to 150 0 C). However, when a mixture of formaldehyde, chromotropic acid, and sulfuric acid was heated on a water bath to 100 0 C the typical violet color developed quickly. It was found that if 2,4-D and sulfuric acid were heated together in one test tube to 150 0 C and air was then bubbled through this reaction mixture and passed through a second test tube containing chromotropic and sulfuric acids heated on a water bath at 100 0 C, the characteristic violet color was produced in the second test tube. Thus, the 2,4-D and sulfuric acid reacted to produce a volatile material which was carried in the stream of air to the second tube, where the chromotropic acid reacted with the volatile material to produce the violet color. That this volatile material was formaldehyde was further substantiated~y Voisenet's test (Voisenet, 1905) for formaldehyde. Freed (1948) tried to correlate halogen substitution with the tendency for color formation in the test. In the present study, color production seemed to depend on the acetic acid side chain and an ether linkage with a benzene or naphthalene ring. Thus, phenoxyacetic acid, but not phenylacetic acid, produced color with chromotropic acid. Also, 2-naphthoxyacetic acid, but not 1-naphthaleneacetic acid, produced color. With regard to the side chain, 2,4-dichlorophenoxyacetic acid and 2,4,5-trichlorophenoxyacetic acid, but not 2,4-dichloroanisole nor 2,4,5-trichlorophenoxypropionic acid, produced color. These data suggest that the hot sulfuric acid might have decarboxylated and split off the acetic acid side chain to produce formaldehyde.
The reactions between 2,4-D, chromotropic, and sulfuric acids were carried out in 50-ml Erlenmeyer flasks held in a wire rack which rotated in an agitated and thermostatically controlled peanut-oil bath. Other oils and glycerine were found to be objectionable because, at the temperatures used, there was enough vaporization of the bath liquid to contaminate the reaction TIl ix--tures.
Five ml of standard or unknown solutions of 2,4-D were pipetted into tho Erlenmeyer flasks. The water or other solvent was evaporated by gently heating and blowing compressed air over the liquid, except where the esters of 2,4-D were involved, in which case only a stream of air was used, in order to minimize loss of the ester through vaporization.
Five ml of concentrated sulfuric acid containing 50 mg of chromotropic acid were added to the 2,4-D residue in the flask as a standard procedure. The flasks were heated to 130 0 C for 20 minutes in the oil bath. A reagent blank treated in the same manner was included in each run. When the solutions were cool, the optical density was determined with a Beckman DU spectrophotometer. Although the color body absorbing radiation at 580 mu was stable for at least nine days, the density of each solution was determined on the same day the sample was heated. The chromotropic-sulfuric acid reagent was found to be satisfactory for several days, but because it darkened upon standing it was usually prepared as needed.
When a' series of ratios of chromotropic acid to 2,4-D was tested for maximum color development, it was found that only slightly greater optical density was obtained at a ratio of 50 : 1 than at a ratio of 25 : 1, below which the density decreased rapidly ( fig. 1 ).
At 100 0 C the reactions between 2,4-D, chromotropic acid, and sulfuric acid did not produce a visible color. At 120 0 C a slight violet color was 01;).. [Vol. 23, No.7 served. At 130 0 and 150 0 C the violet color formation was rapid in appearance but required about 20 minutes to reach maximum density ( fig. 2) .
A dilution series made from 2 x 10--1 M 2,4-D reacted with 160 mg chromotropic acid per 100 ml H 2 S0 4 showed that the color produced obeyed Beer's law over a wide range of concentrations ( fig. 3 ). With the volumes of materials used, the test proved to be suitable for amounts of 2,4-D ranging from 5 to 150 p.g.
Dilution of the concentrated sulfuric acid with 2.5 to 5 per cent water did not alter the density of the color appreciably, but additional amounts of water reduced color development. Variability of results with the method used makes it necessary to run three or more determinations on each sample; the number depending on how accurate the estimate must be or with how small a difference statistical significance must be demonstrated. Near the minimum amount of 2,4-D determinable, triplicate determinations on each of two samples would-normally establish the fact that a difference of 5 p.g (1 mg per liter) between the samples was significant at the 5 per cent level; near the maximum amount determinable, triplicate determinations would similarly establish the fact that a difference of 25 j-tg (5 mg per liter) between the samples was significant at the 5 per cent level (Snedecor, 1940) . 
RESULTS

Water
Rinses. An aqueous solution of sodium 2,4-dichlorophenoxyacetate was prepared to contain 0.1 per cent of the acid equivalent. Approximately 50 ml of this solution was poured into 50-ml beakers containing pieces of zinc (galvanized iron), copper, tin, iron, aluminum, or glass. Each piece of metal was about 3.2 em square; metal of this size was large enough not to lie flat on the bottom of the beaker. Controls were soaked in distilled water. After standing for approximately 24 hours, the 2,4-D solution or water (in the [Vol. 23, No.7 controls) was poured from the beakers and discarded. Each beaker was then filled with 50 ml of water, which was immediately poured off and saved for analysis. Four such rapid rinses were made; succeeding rinses were allowed to remain in the beakers for 24 hours each.
Five-ml aliquots of the rinses were tested in duplicate or triplicate for 2,4-D by the method described above. The water in which the controls were .. .. rinsed was used to prepare the reagent blanks. The rinse water from the containers that held the iron had to be treated for removal~f the iron before determination of the 2,4-D content. Iron was removed by the following method (Treadwell, 1942) : Three drops of HCI were added to the 50 ml of rinse water, which was then heated to boiling; four drops of NH 40H were added, and the mixture was then boiled for two minutes. Cold water was added to obtain the original weight of solution before filtering. Five-ml aliquots of the cooled filtrate were then taken for analysis. Nearly all of the 2,4-D appeared to be rinsed from the metals and glass by the first of the four rapid rinses (table 1) . However, a subsequent rinse water which stayed in the beakers for 24 hours showed that varying amounts of adsorbed 2,4-D were slowly released from the materials. The tin appeared to be free from contamination. The copper and glass retained a trace of 2,4-D. The iron and zinc showed appreciable residual contamination. Four 24-hour rinses were made of the zinc with the result that a decreasing but readily detectable amount of 2,4-D was found in each rinse water.
The rinsing of the aluminum differed from that of the other materials in that after the first rapid rinse, the water was allowed to remain in contact with the metal for one or two hours for the second, third, and fourth rinses (table 2) . Each of the first three rinses showed a decreasing amount of 2,4-D.
No 2,4-D was found in the fourth rinse, but the fifth rinse, which remained in contact with the metal for five days, again showed appreciable contamination. The sixth rinse, which remained in contact with the metal for three days, still showed 2,4-D contamination, although at this time the concentration was less than 1 mg per liter. A comparison of bright and tarnished zinc was made to determine the relative contamination of the metal in these states. After soaking the metal in 0.1 per cent 2,4-D as sodium 2,4-dichlorophenoxyacetate for 24 hours and rinsing rapidly four times, the fifth rinse water was allowed to remain in contact with the metal for 24 hours. An analysis of the fifth rinse water 182 Hilgardia [Vol. 23, No.7 TABLE 4 showed that contamination of the rinse water from the bright zinc was 1. the zinc was rinsed rapidly four times in water or ammonia "rater (household ammonia diluted 1 : 100, making 0.027 N). For the fifth rinse the metal was soaked for four days in either water or ammonia water in all combinations used with the rapid rinses (table 3) . The results showed that the rapid rinses in ammonia water did not remove the adsorbed 2,4-D. Subsequent soaking in either water or ammonia water released additional 2,4-D from the metal, but the use of ammonia for the prolonged soaking appeared to facilitate the liberation of the adsorbed 2,4-D.
Removal of 2,4-D Esters. A test for. the removal of butyl 2,4-dichlorophenoxyacetate from glass, copper, and zinc was made in the same manner as "December,1954] Erickson-Brannaman: Determining 2,4-D Residues in Rinses the previous tests, except that acetone was also tried as a solvent. Acetone is a good solvent for the esters of 2,4-D and has the advantage of being miscible with water. It was necessary to redistill the acetone, however, before using it in the tests, because impurities interfered with the 2,4-D determinations. After soaking one set of materials in 0.1 per cent 2,4-D as the butyl ester, four rapid water rinses were made. The fifth water rinse was in contact with the materials for 24 hours. The sixth rinse was made with acetone, which was in contact with the materials for five days. Another set of materials was rinsed only with acetone.
The amounts of 2,4-D found in the rinses are shown in table 4. Water was very ineffective in removing the ester from any of the materials. Although the amount of 2,4-D in the rinse water was low, the final soaking in acetone showed that a great amount of ester was still present. Even six rinses with acetone, of which two were long periods of soaking, failed to remove all the 2,4-D ester.
DISCUSSION
Determination of 2,4-D residues with chromotropic acid was found to be readily possible under the conditions of the present studies, where interfering substances could be avoided. Similarly, satisfactory results were obtained with the method in analyzing for spray deposits, where the 2,4-D could be caught in petri dishes (Stewart, Gammon, and Hield, 1952) . However, when chromotropic acid is dissolved in concentrated sulfuric acid the possibility of other organic substances interfering is very great.
The extinction coefficients determined by LeTourneau and Krog (1952) , together with the evidence of formaldehyde production presented in this paper, indicates that the basis for the color produced by 2,4-D and chromotropic acid is the same as that first described for formaldehyde and chromotropic acid by Eegriwe (1937) .
Results of the residue studies show that 2,4-D adsorption may be a serious problem in the cleaning of spray equipment for subsequent use on plants sensitive to 2,4-D. Several rapid rinses of water or ammonia water were ineffective in removing the residual 2,4-D present in salt forms. The best procedure for removing 2,4-D was to soak contaminated materials in water for long periods, with changes every few hours or daily.
Water was not satisfactory for the removal of the ester form of 2,4-D. Even though acetone is an excellent solvent for esters of 2,4-D, it was found to be incapable of completely removing the 2,4-D ester with rapid rinsing. Several changes of an organic solvent in spray equipment would be impracticable from the cost standpoint, and would also be somewhat hazardous from the standpoint of safety.
Because kerosene is a good solvent for 2,4-D esters and is readily available, a small amount of it emulsified with a detergent should make a suitable rinsing material for the bulk of the loose 2,4-D-ester residue in spray equipment. Complete removal of the 2,4-D ester does not appear to be readily possible.
The practical solution to the problem of 2,4-D residues in spray equipment would be to maintain separate equipment for 2,4-D or for plants extremely sensitive to 2,4-D.
